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Description 

This invention relates to methods for screening can- 
didate drugs for their ability to bind a receptor in such a 
fashion as to mimic or antagonize the function of a ligand 
which ordinarily interacts with the receptor in vivo. It also 
relates to methods for the functional assay of ligands. 

Receptors are defined as proteinaceous macromol- 
ecules located on cell membranes that perform a signal 
v. transducing function. Many receptors are located on the 
outer cell membrane. These cell surface receptors have 
extracellular and cytoplasmic domains wherein the ex- 
tracellular domain is capable of specifically binding a 
substance so that the cytoplasmic domain interacts with 
another cell molecule as a function of the binding of the 
substance by the extracellular domain. The substance 
which is bound by the receptor is called a ligand, a term 
which is definitionally meaningful only in terms of its 
counterpart receptor. The term "ligand" does not imply 
any particular molecular size or other structural or com- 
positional feature other than that the substance in ques- 
tion is capable of binding, cleaving or otherwise inter- 
acting with the receptor in such a way that the receptor 
conveys information about the presence of the ligand to 
a target molecule. Stated alternatively, not all substanc- 
es capable of binding a receptor are ligands, but all lig- 
ands are capable of binding a receptor. Receptors do 
not include such substances as immunoglobulins. 

Receptors typically are divided structurally into 
three domains. A highly hydrophobic region of about 20 
to 25 residues which is believed to be responsible for 
embedding the receptor in the cell membrane is flanked 
on its amino and carboxyl termini by regions that respec- 
tively extend into the extracellular and cytoplasmic en- 
vironment. The extracellular region includes the ligand 
binding domain. The cytoplasmic region includes a do- 
main for effecting a change in the cytoplasm. Typically, 
the cytoplasmic region includes an enzymatic function 
that is activated by receptor aggregation or conforma- 
tional changes brought on by ligand binding. 

Receptors are believed to function by a process var- 
iously termed activation or signal transduction. A ligand 
binds to the extracellular ligand binding domain in such 
a way that the conformation of the receptor molecule 
changes within the cytoplasmic region. This conforma- 
tional change, called activation, modifies the effect of 
the receptor on cytoplasmic components. Among 
changes brought about by receptor activation are 
changes in or development of receptor enzymatic activ- 
ity. 

The pharmaceutical industry in recent years has ori- 
ented its research to focus on the role of receptors in 
disease or injury and to design drugs, generally low mo- 
lecular weight substances, that are capable of binding 
to the receptors. Drugs identified in this initial screen are 
then tested for the desired activity jn vivo or in tissue 
explants. As a result, conventional techniques do not 
lend themselves to large scale screening. Tissue sam- 



ples or isolated cells containing the target receptors, e. 
g. heart atrial tissue, are costly to obtain, present in lim- 
ited quantity, and difficult to maintain in a functionally 
viable state. Additionally, it is often difficult to reliably and 

s reproducibly administer the candidate drug to tissue 
samples. Screening assays using primary explants in 
tissue culture are undertaken in larger scale than is pos- 
sible with tissue samples. However, it is more difficult to 
assay physiological effect and the assays are subject to 

10 interference from many sources, e.g. culture media or 
cultivation conditions. Finally, assays using receptors 
isolated from natural materials have the disadvantage 
that the receptor is subject to natural variability and suit- 
able natural sources may not always be available. It is 

*5 an object herein to provide readily reproducible, simple 
assay systems that can be practiced on a large scale 
for determining not only ligand binding but also the char- 
acter of the binding as agonistic or antagonistic. 

Similarly, meaningful clinical diagnosis often de- 

20 pends upon the assay of biologically active ligand with- 
out interference from inactive forms of the ligand, for ex- 
ample, ligands that have been subject to enzymatic or 
other processes of the test subject that change or even 
eliminate the activity of the ligand. Immunoassay meth- 

25 ods are widely used in determining ligands in test sam- 
ples. However, it is often quite difficult to identify anti- 
bodies that are able to discriminate between the active 
and inactive forms of a ligand. Receptors have infre- 
quently been used in place of antibodies as analyte 

30 binding reagents. However, not all substances that bind 
to receptors are necessarily capable of inducing recep- 
tor activity, i.e. active biologically. It is an object herein 
to provide a method that will identify ligands in clinical 
test samples which are active in inducing or inhibiting 

35 signal transduction by their receptors. 

Many receptors have been identified that have at 
least some known jn vitro assayable activity that is de- 
pendent upon ligand interaction. For example, the bind- 
ing of EGF to the epidermal growth receptor stimulates 

40 a phosphotransferase domain in the receptor to phos- 
phorylate certain target amino acid residues located in 
its intracellular cytoplasmic domain, a process called 
autophosphorylation. Receptors also are known to 
phosphorylate antibodies or specific cytoplasmic sub- 

45 strate polypeptides that bind to the region in which their 
phosphotransferase active site is located. Unfortunate- 
ly, other receptors have no known ligand-dependent en- 
zymatic activity, notwithstanding that they are known to 
bind ligands with high affinity, or their activity is so low 

so that it is difficult to quantitatively assay ligand-depend- 
ent activation. It may be desirable for therapeutic pur- 
poses to antagonize or agonize a ligand interaction with 
such cryptic receptors but, in the absence of the tissue 
concerned or, in some cases an intact organism, no 

55 method is available for determining whether a candidate 
drug is simply binding the receptor in a function -neutral 
fashion, nor whether the candidate is binding as an ag- 
onist or antagonist. Accordingly, it is an object to provide 
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a method for screening candidate drugs for ligand ago- 
nist or antagonist activity where the receptor for the lig- 
and exhibits no known signal transduction characteris- 
tic. 

Summary 

These objects are accomplished by the use of a 
novel receptor hybrid comprising the ligand binding do- 
main of a receptor fused to aJieterologous reporter 
polypeptide which is capable of undergoing an assaya- 
ble change in conformation or function when the ligand 
binding domain of the receptor binds to either the ligand 
or to an agonist or antagonist of the ligand. 

If a disease or injury is the result of a ligand acting 
on a given receptor, the objective will be to identify sub- 
stances capable of counteracting the ligand's effect on 
the critical receptor, i.e., ligand antagonists. On the oth- 
er hand, a model therapy for a clinical condition charac- 
terized by insufficient ligand activity would consist of 
drugs that enhance or supplement a defective or absent 
ligand, i.e., ligand agonists. 

The hybrid receptor of this invention is useful in 
screening methods for identifying receptor-active ago- 
nistic drugs. One incubates the hybrid receptor with the 
candidate drug and assays for the generation of a signal 
by the heterologous reporter polypeptide. Generally, but 
not necessarily, the signal generated by the reporter 
polypeptide is assayed as an activation or stimulation of 
an enzymatic function of the reporter polypeptide. It is 
not necessary to include standards having known 
amounts of ligand unless one wishes to quantify the ag- 
onist activity of the candidate; in fact, the ligand which 
modulates the receptor activity in vivo may be complete- 
ly unknown. It is one of the benefits of this assay system 
that neither the ligand for the receptor nor the jn vivo 
signal transducing mechanism of the receptors need be 
known in order to identify agonist drugs. 

The hybrid receptor is used to assay amounts of bi- 
ological ligand in test samples in the same fashion as 
one screens for agonist drugs. Since this utility, by def- 
inition, contemplates a known ligand, then a standard 
curve using known amounts of ligand is prepared and 
compared with the test sample results. 

Antagonist drug candidates are selected by the 
same assay as is used for identifying agonists, except 
that here the hybrid receptor is incubated with a known 
receptor agonist. The agonist, which may be a drug or 
the normal in vivo ligand, is incubated with the receptor 
before or, preferably, simultaneous with contacting the 
receptor with the candidate drug. Antagonist activity is 
a function of the displacement of agonist or ligand ac- 
tivity as measured by changes in the reporter polypep- 
tide. 

A particular advantage of the hybrid receptor is that 
it enables a universal, portable assay system for any lig- 
and -receptor interaction. This invention contemplates, 
for example, that the cytoplasmic domain of a first re- 



ceptor is selected as the portable reporter polypeptide. 
This domain is then substituted for the cytoplasmic do- 
main of other receptors in preparing the hybrid receptors 
of the invention. The assay system, e.g. autophospho- 
5 rylation assay, useful with the first receptor is then avail- 
able for use with all other hybrid receptors containing 
the cytoplasmic domain of the first receptor. 

Brief Description of the Figures 

10 

Figure la depicts the composition of a plasmid em- 
ployed in the expression of hybrids of the insulin and 
epidermal growth factor receptors. The region coding for 
different receptor mutants is shown by a shaded bar 
is (cDNA). Early SV40 promoter sequences shown by 
heavy black arrows and polyA addition sites have been 
marked. The dihydrofolate reductase (DHFR) coding 
sequence (Simonsen and Levinson, 1983, "Proc. Natl. 
Acad. Set. USA" 80:2495-2499) and restriction sites 
20 used for plasmid constructions are shown. Expression 
of both cDNAs was controlled by promoter sequences 
of the Simian virus (SV) 40 early region and by ^-un- 
translated sequences of the gene coding for the hepa- 
titis B virus surface antigen (Crowley et aj., 1983, "Mol. 
25 Cell. Biol." 3: 44-45). Sequences of the E. cpji plasmid 
pML (a pBR322 derivative suitable for use in mammali- 
an cells; Lusky and Botchan, 1981, "Nature" 293:79) 
containing the origin of replication and the ampicillin re- 
sistance gene were present to allow plasmid replication 
30 in E. cpji. 

Figure 1b is a schematic comparison of insulin 
(HIR) and EGF (HER) receptors and a hybrid receptors 
IER and IctER prepared therefrom. Human EGF recep- 
tor (HER), human insulin receptor (HIR), insulin-EGF re- 
35 ceptor chimera (IER), and insulin-a-subunit-EGF recep- 
tor chimera (laER)cDNAsare represented by horizontal 
lines and coding sequences shown as a dotted box for 
HIRa sequences (a), as a shaded box for HIRp, and as 
an open box for HER sequences. The coding regions 
40 have been aligned at the transmembrane domain (not 
shown in scale). The coding segment for the protein sig- 
nal sequence is marked by (S) and the precursor cleav- 
age sites are indicated by a vertical line. The junction of 
the heterologous receptor cDNAs is shown by a zigzag 
45 line and synthetic oligonucleotides used at the junctions 
are represented by black bars. DNA restriction endonu- 
clease cleavage sites relevant for the constructions are 
marked on top of the cDNA sequences. 

Figure 2 illustrates that 125 l insulin binding to COS- 
so 7 cells increases when the COS-7 cells are transfected 
with the cDNA constructs of Figure 1a, compared to 
cells transfected with a control expression vector. 

Figures 3a-3d are SDS PAGE reducing electro- 
phoresis gels of autophosphorylated detergent lysates 
55 obtained from various transformed and control cells and 
immunoprecipitated with appropriate antibodies as not- 
ed in the Example. The (+) and (-) gels represent insulin 
or (in the case of A431) EGF-treated receptors. Num- 
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bers in the margins are marker molecular weights. Fig. 
3a depicts the anti-HER immunoprecipitated autophos- 
phorylation products of mock-transformed controls and 
recombinant transformant cells. This demonstrates ex- 
pression of hybrid insulin-EGF receptor constructs in the 
recombinants. 

Figure 3b demonstrates that the autophosphoryla- 
tion of the hybrid containing the complete extracellular 
domain of the insulin receptor is activated by insulin. 

Figure 3c depicts the kinetics of the insulin-activat- 
ed autophosphorylation of the IER receptor. It shows 
that the autophosphorylation observed is dependent up- 
on the time of the phosphorylation reaction. 

Figure 3d illustrates the change in SDS-PAGE mi- 
gration of the IER receptor after insulin activation. 

Figure 4 depicts the structure of HER -erbB , a hybrid 
receptor containing the epidermal growth factor extra- 
cellular domain and a fragment of the erbB oncogene to 
serve as the reporter molecule. 

Figure 5 depicts electrophoresis gels demonstrat- 
ing autophosphorylation of a hybrid oncogene-receptor 
construct in the presence (+) or absence of ligand (EGF) 
(-)■ 

Detailed Description 

The hybrid receptor is the core of the methods de- 
scribed herein. It principally comprises a ligand binding 
domain and a reporter polypeptide. The ligand binding 
domain is located within the extracellular region of a re- 
ceptor. It is often difficult to identify the precise amino 
acid sequences involved in ligand binding. In fact, sev- 
eral regions may be involved in ligand binding, particu- 
larly where the ligand is a polypeptide. Thus, it is pre- 
ferred that the entire extracellular region of the receptor 
be assembled into the hybrid. This also will help to en- 
sure that the ligand binding domain is maintained in its 
proper conformation. 

Suitable ligand binding domains are selected in any 
one of several ways. First, when one intends to use the 
hybrid to assay for a known ligand in test samples, or to 
screen for agonists or antagonists to such ligand, then 
the ligand binding domain is selected from a known re- 
ceptor for the ligand. If the ligand is known, but its re- 
ceptor is not, then it will be necessary to identify its cell 
surface receptor. This may be accomplished by 1 ) se- 
curing cells from tissues with which the ligand is known 
to bind or to functionally interact, 2) obtaining from the 
cells in known fashion a membrane protein preparation, 
3) incubating the preparation with the ligand, 4) sepa- 
rating the ligand-receptor complex from the incubation 
mixture (for example by preinsolubilizing the ligand on 
cyanogen bromide activated Sepharose), 5) separating 
the receptor from the ligand, 6) obtaining amino acid se- 
quence from a portion of the receptor, 7) preparing nu- 
cleic acid probes encoding the determined amino acid 
sequence (either a single long probe of > about 40bp or 
a pool of shorter probes), 8) preparing a cDNA or ge- 



nomic DNA phage or plasmid (vector) library from the 
organism or cells from which the receptor was obtained,, 
9) hybridizing the probes to the library to identify plas- 
mids or phage which contain DNA encoding the recep- 
5 tor, and 10) determining the nucleotide and imputed 
amino acid sequence of the receptor to the extent nec- 
essary to identify the region extending from the amino 
terminus through a transmembrane sequence. If no sin- 
gle vector contains DNA encoding the entire extracellu- 
10 lar domain of the receptor, the desired DNA is assem- 
bled by restriction enzyme digestion of the various vec- 
tors at common sites, isolation of the appropriate frag- 
ments and relegation by methods already known perse. 
Other procedures for identifying receptors for known lig- 
15 ands are known to those skilled in the art or will become 
available in the future. 

A putative receptor may have been identified but its 
ligand in vivo remains unknown. For example, study of 
endocrine tissues from such glands as the pituitary or 
20 adrenals will lead to the identification of membrane 
bound proteins that are structurally similar to other 
known receptors, i.e. they will have a large (typically 
>500 residues) extracellular domain, a hydrophobic 
transmembrane sequence and a carboxy-terminal cyto- 
25 piasmic region. Similarly, a receptor inventory for malig- 
nant cells will be useful for identifying unique receptors 
present in high density that may, be associated with the 
transformed phenotype. The extracellular domains of 
such receptors are also useful herein. 
30 a receptor and its ligand may have been identified 
but the cytoplasmic domain may have no known func- 
tion, e.g. it is not known to have phosphotransferase ac- 
tivity, to activate adenylate or guanytate cyclase, or to 
transport ligand. The ligand binding domain from such 
35 receptors is useful notwithstanding that the ligand-re- 
ceptor interaction produces no or insufficiently detecta- 
ble signal in the native receptor because a detectable 
signal is provided by the reporter polypeptide in the hy- 
brid construction. Thus, in the absence of the reporter 
40 polypeptide no method would be available to determine 
in the case of some receptor whether a receptor-bound 
candidate drug was binding nonspecifically or was act- 
ing as an agonist or antagonist, nor would it be possible 
to assay for biologically active native ligands. 
45 The reporter polypeptide is heterologous to the lig- 
and binding domain and is any polypeptide that changes 
its character upon the binding of a ligand to the binding 
domain. This change in character is generally detected 
by a change in the enzymatic activity or immunological 
so identity of the reporter polypeptide. Generally the report- 
er polypeptide will be the cytoplasmic domain of a het- 
erologous receptor or receptor analogue, e.g. onco- 
gene, which is known to undergo a change in immuno- 
logical or enzymatic identity upon ligand binding. It is 
55 preferred to use the cytoplasmic phosphotransferase 
from such receptors as the insulin or epidermal growth 
factor receptors. However, other receptors as the B- 
adrenergic receptor, acetylcholine receptor, adrenaline 
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receptor and the like are known to bind proteins termed 
G proteins that serve as intermediate transducing mol- 
ecules in the activation or inhibition of adenylate or gra- 
nylate cyclases. Such proteins have been isolated and 
characterized. It is within the scope herein to use as the 
reporter polypeptide the G protein binding domains of 
such receptors. It is not necessary to use the entire cy- 
toplasmic domain from a heterologous receptor or re- 
ceptor analogue, only that portion that performs the de- 
sired function herein, nor is it necessary to use a heter- 
ologous cytoplasmic domain that is an intact, unmodi- 
fied sequence from another receptor. For example, an 
amino acid sequence variant or derivative of the cyto- 
plasmic domain of the receptor supplying the ligand 
binding domain is also acceptable. 

Without being limited to a particular theory of func- 
tion, we believe that the change in the character of the 
reporter polypeptide is not caused by steric hinderance 
of the reporter by the ligand, e.g. where the ligand oc- 
cludes an active site on the reporter domain by virtue of 
steric bulk. Rather, the method herein harnesses the 
signal transducing mechanism of receptors whereby 
changes in the ligand binding domain are transduced 
through the receptor molecule to the reporter domain by 
conformational changes in the molecule, which changes 
affect the function or character of the cytoplasmic do- 
main of the reporter We have discovered that this trans- 
ducing mechanism also functions when the reporter 
polypeptide is heterologous to the ligand binding do- 
main. 

Optionally, the hybrid receptor will contain a trans- 
membrane sequence fused between the ligand binding 
domain and the reporter polypeptide. Typical transmem- 
brane domains contain about from 20 to 25 residues and 
show a hydropathy peak of about from 1 .5 to 3.5. They 
contain a high proportion of residues having hydropho- 
bic side chains, e.g. leucine, isoleucine, phenylalanine, 
valine and methionine. Suitable transmembrane se- 
quences are obtained from the receptor supplying the 
extracellular ligand binding domain, although the trans- 
membrane sequence also may be entirely synthetic or 
obtained from integral membrane proteins or unrelated 
receptors, in the last instance including the transmem- 
brane region ordinarily associated with the reporter 
polypeptide where the reporter is the cytoplasmic do- 
main of a heterologous receptor. 

The hybrid receptor components suitably originate 
from humans, animals, plants, insects, microorganisms 
including parasites, viruses and fungi and other suitable 
species. The species of origin for the ligand binding do- 
main is selected for the presence of a receptor capable 
of binding the ligand of interest or for the presence of 
the target physiological activity. It is not necessary that 
the reporter polypeptide or transmembrane region be 
from the same species as the ligand binding domain. 

The hybrid receptors preferably are synthesized in 
recombinant cell culture because they are generally too 
large and complex to practically synthesize by jn vitro 



methods that are available to the art today. 

Recombinant methods for synthesis of the hybrid 
receptor commence with the construction of a replicable 
vector containing nucleic acid that encodes the hybrid 
5 receptor. Vectors typically perform two functions in col- 
laboration with compatible host cells. One function is to 
facilitate the cloning of the nucleic acid that encodes the 
hybrid receptor, i.e., to produce usable quantities of the 
nucleic acid. The other function is to direct the expres- 
10 sion of .the hybrid receptor. One or both of these func- 
tions are performed by the vector-host system. The vec- 
tors will contain different components depending upon 
the function they are to perform as well as the host cell 
that is selected. 
f5 Each vector will contain nucleic acid that encodes 
the hybrid receptor. Typically, this will be DNA that en- 
codes the hybrid receptor in its mature form linked at its 
amino terminus to a secretion signal. This secretion sig- 
nal preferably is the signal presequence that normally 
directs the secretion of the receptor from which the lig- 
and binding domain was obtained. However, suitable 
secretion signals also include signals from other recep- 
tors or from secreted polypeptides of the same or related 
species. 

The secreted hybrid will lodge in the recombinant 
host membrane if it contains a transmembrane region. 
On the other hand, if such a region is not present in the' 
hybrid, then the hybrid may be secreted into the culture 
medium. Ordinarily, hybrids are preferred that contain a 
transmembrane region so as to retain as much structur- 
al fidelity as possible. However, the purification of trans- 
membrane-deleted receptors is less complex than in the 
case of membrane-bound because in the latter instance 
the hybrid receptor should be purified free of other cell 
membrane proteins. Furthermore, the cell-bound hybrid 
receptor may exert an undesired biological effect on the 
host if induced to accumulate in large populations in the 
cell membrane during the growth phase. This potential 
problem is overcome by placing the nucleic acid encod- 
ing the hybrid receptor under the control of an inducible 
promoter. 

In cloning vectors, the hybrid receptor-encoding nu- 
cleic acid ordinarily is present together with a nucleic 
acid sequence that enables the vector to replicate in a 
selected host cell independent of the host chromo- 
somes. This sequence is generally an origin of replica- 
tion or an autonomously replicating sequence. Such se- 
quences are well-known for a variety of bacteria, yeast 
and higher eukaryotic cells. The origin from the well- 
known plasmid pBR322 is suitable for E. colj bacteria, 
the 2u, plasmid origin for yeast and various viral origins 
for mammalian cells (SV40, polyoma, adenovirus or bo- 
vine papilloma virus). Less desirably, DNA is cloned by 
insertion into the genome of a host. This is readily ac- 
complished with bacillus species, for example, by insert- 
ing into the vector DNA that is complementary to bacillus 
genomic DNA. Transfection of bacillus with this vector 
results in homologous recombination with the genome 
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and insertion of the hybrid receptor DNA. However, the 
recovery ot genomic DNA encoding the hybrid receptor 
is more complex than obtaining exogenously replicated 
viral or plasmid DNA because restriction enzyme diges- 
tion is required to recover the hybrid receptor DNA from 
the genome of the cloning vehicle. 

Expression and cloning vectors should contain a 
selection gene, also termed a selectable marker. This is 
a gene that encodes a protein necessary for the survival 
or growth of a host cell transformed with the vector. The 
presence of this gene ensures the growth of only those 
host cells which express the inserts. Typical selection 
genes encode proteins that (a) confer resistance to an- 
tibiotics or other toxins, e.g. ampicillin, neomycin, meth- 
otrexate or tetracycline, (b) complement auxotrophic de- 
ficiencies, or (c) supply critical nutrients not available 
from complex media, e.g. the gene encoding D-alanine 
racemase for bacilli , 

A suitable selection gene for use in yeast is thetrpl 
gene present in the yeast plasmid YRp7 (Stinchcomb et 
al., 1979, "Nature", 282: 39; Kingsman et al., 1979, 
"Gene", 7: 141; or Tschemper et al., 1980, "Gene", _10: 
157). The trpl gene provides a selection marker for a 
mutant strain of yeast lacking the ability to grow in tryp- 
tophan, for example ATCC No. 44076 or PEP4-1 
(Jones, 1977, "Genetics", 85: 12). The presence of the 
trp 1 lesion in the yeast host cell genome then provides 
an effective environment for detecting transformation by 
growth in the absence of tryptophan. Similarly, Leu2 de- 
ficient yeast strains (ATCC 20,622 or 38,626) are com- 
plemented by known plasmids bearing the Leu 2 gene. 

Examples of suitable selectable markers for mam- 
malian cells are dihydrofolate reductase (DHFR), thymi- 
dine kinase or proteins for neomycin resistance. Such 
markers enable the identification of cells which were 
competent to take up the hybrid receptor nucleic acid. 
The mammalian cell transformants are placed under se- 
lection pressure which only the transformants are 
uniquely adapted to survive by virtue of having taken up 
the marker. Selection pressure is imposed by culturing 
the transformants in successive rounds of eel! culture in 
which the concentration of selection agent in the medi- 
um is successively increased, thereby leading to ampli- 
fication of both the selection gene and the DNA encod- 
ing the hybrid receptor. Increased quantities of hybrid 
receptor are synthesized from the amplified DNA. 

For example, selection for DHFR transformed cells 
is conducted in a culture medium which lacks hypoxan- 
thine, glycine, and thymidine. An appropriate host cell 
in this case is the Chinese hamster ovary (CHO) cell line 
deficient in DHFR activity, prepared and propagated as 
described by Urlaub and Chasin, 1980, "Proc. Nat'L 
Acad. Sci. USA" 77: 4216. 

A particularly useful DHFR is a mutant DHFR that 
is highly resistant to methotrexate (MTX) (EP 
117.060A). This selection agent can be used with any 
otherwise suitable host, notwithstanding the presence 
of endogenous DHFR. One simply includes sufficient 



MTX in the medium to inactivate all of the endogenous 
DHFR, whereupon MTX selection becomes solely a 
function of amplification of the mutant DHFR DNA. Most 
eukaryotic cells which are capable of adsorbing MTX 

5 appear to be methotrexate sensitive. One such useful 
cell line is a CHO line, CHO-K1 (ATCC No. CCL 61). 

Other methods, vectors and host cells suitable for 
adaptation to the synthesis of the hybrid receptor in re- 
combinant vertebrate cell culture are described in M.J. 

10 Gething et al,, ."Nature" 293: 620-625 (1981); N. Mantei 
et al., "Nature" 281: 40-46; and A. Levinson et aj., EP 
117.060A and 11 7,058 A. 

Expression vectors, unlike cloning vectors, should 
contain a promoter and/or other sequence which is rec- 

is ognized by the host organism for strong transcription of 
the hybrid receptor-encoding DNA. This is generally a 
promoter homologous to the intended host. In the case 
of vectors for higher eukaryotes, enhancer sequences 
are useful for further increasing transcription from pro- 

20 moters. Unlike promoters, enhancers do not need to be 
located 5 1 to the hybrid receptor encoding nucleic acid. 
Commonly used promoters for prokaryotes include the 
p-lactamase and lactose promoter systems (Chang et 
al., 1978, "Nature", 275: 615; and Goeddel et al., 1979, 

25 -Nature", 281 : 544), alkaline phosphatase, a tryptophan 
(trp) promoter system (Goeddel 1980, "Nucleic Acids 
Res." 8: 4057 and EPO Appln. Publ. No. 36,776) and 
hybrid promoters such as the tac promoter (H. de Boer 
et al., 1983, "Proc. Nat'l. Acad. Sci. USA" 80: 21-25). 

30 However, other known microbial promoters are suitable. 
Their nucleotide sequences have been published, 
thereby enabling a skilled worker operably to ligate them 
to DNA encoding the hybrid receptor in plasmid vectors 
(Siebenlist et al., 1980, "Cell" 20: 269) using linkers or 

35 adaptors to supply any required restriction sites. Pro- 
moters for use in prokaryotic systems also will contain 
a Shine-Dalgarno (S.D.) sequence operably linked to 
the DNA encoding the hybrid receptor. 

Suitable promoting sequences in yeast vectors in- 

40 elude the promoters for metallothionein, 3-phosphoglyc- 
erate kinase (-Hitzeman et aj., 1980, "J. Biol. Chem.", 
255; 2073) or other glycolytic enzymes (Hess et al., 
1968, "J. Adv. Enzyme Reg.", 7: 149; and Holland, 1978, 
"Biochemistry", XT. 4900), such as enolase, glyceralde- 

45 hyde-3-phosphate dehydrogenase, hexokinase, pyru- 
vate decarboxylase, phosphofructokinase, glucose- 
6-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phos- 
phoglucose isomerase, and glucokinase. 

so Other yeast promoters, which have the additional 
advantage of transcription controlled by growth condi- 
tions, are the promoter regions for alcohol dehydroge- 
nase 2, isocytochrome C, acid phosphatase, degrada- 
tive enzymes associated with nitrogen metabolism, and 

55 the aforementioned metallothionein and glyceralde- 
hyde-3-phosphate dehydrogenase, as well as enzymes 
responsible for maltose and galactose utilization. Suit- 
able vectors and promoters for use in yeast expression 
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are further described in R. Hitzeman et al., EP 73.657A. 

Transcription from vectors in mammalian host cells 
is controlled by promoters and/or enhancers obtained 
from the genomes of bovine papilloma virus, vaccinia 
virus, polyoma virus, adenovirus 2, retroviruses, hepa- 
titis-B virus and most preferably Simian Virus 40 (SV40), 
operably linked to the hybrid receptor nucleic acid. The 
early and late promoters of the SV40 virus are as con- 
veniently obtained as an SV40 restriction fragment 
which also contains the SV40 viral origin of replication 
(Fiers etal., 1978, "Nature", 273: 1 1 3), Of course, pro- 
moters or enhancers from the host cell or related spe- 
cies also are useful herein. 

Nucleic acid is operably linked when it is placed into 
a functional relationship with another nucleic acid se- 
quence. For example, DNA for a presequence or secre- 
tory leader is operably linked to DNA for a polypeptide 
if it is expressed as a preprotein which participates in 
the secretion of the polypeptide; a promoter or enhancer 
is operably linked to a coding sequence if it affects the 
transcription of the sequence; or a ribosome binding site 
is operably linked to a coding sequence if it is positioned 
so as to facilitate translation. Generally, operably linked 
means that the DNA sequences being linked are con- 
tiguous and, in the case of secretory leader, contiguous 
and in reading frame. 

Expression vectors used in eukaryotic host cells 
(yeast, fungi, insect, plant, animal or human) will also 
contain sequences necessary for the termination of 
transcription and for stabilizing the mRNA. Such se- 
quences are commonly available from the 3' untranslat- 
ed regions of eukaryotic or viral cDNAs. These regions 
contain regions that are transcribed as polyadenylated 
segments in the untranslated portion of the mRNA en- 
coding the hybrid receptor. The 3' untranslated regions 
also include transcription termination sites. 

Suitable host cells for cloning or expressing the vec- 
tors herein are prokaryotes, yeast or higher eukaryotic 
cells. Prokaryotes include gram negative or gram posi- 
tive organisms, for example E. co[i or bacilli. A preferred 
cloning host is E. coli 294 (ATCC 31 ,446) although other 
gram negative or gram positive prokaryotes such as E. 
coli B, E. coli X1776 (ATCC 31,537), E. coli W3110 
(ATCC 27,325), pseudomonas species, or Serratia 
Marcesans are suitable. 

In addition to prokaryotes, eukaryotic microbes 
such as filamentous fungi or yeast are suitable hosts for 
the hybrid receptor encoding vectors. Saccharomyces 
cerevisiae , or common baker's yeast, is the most com- 
monly used among lover eukaryotic host microorgan- 
isms. However, a number of other genera, species and 
strains are commonly available and useful herein. 

The preferred host cells for the expression of func- 
tional hybrid receptors are cultures of cells derived from 
multicellular organisms. In many cases, hybrid recep- 
tors contain hydrophobic regions that are incompatible 
with lower microorganisms, require complex processing 
to properly form disulfide bonds and often require sub- 



unit processing. In addition, it is desirable to glycosylate 
the receptors in a fashion similar to the native receptors. 
All of these functions can be best performed by higher 
eukaryotic cells. In principle, any higher eukaryotic cell 
s culture is workable, whether from vertebrate or inverte- 
brate culture, although cells from mammals such as hu- 
mans are preferred. Propagation of such cells in culture 
is £er se well known. See Tissue Culture, Academic 
Press, Kruse and Batterson, editors (1973). Examples 
of useful mammalian host cell lines are VERO and HeLa 
cells, Chinese hamster ovary cell lines, and WI38, BHK, 
COS-7 and MDCK cell lines. 

The hybrid receptors of this invention are employed 
in drug screening or biologically active ligand assay by 
a process that fundamentally comprises incubating the 
receptor with the test sample, controls and (optionally) 
standards, followed by measuring change in the report- 
er polypeptide. Since we have discovered that ligand 
binding causes a change in the conformation of the re- 
porter polypeptide it is within the scope hereof to detect 
such changes by any one of several methods. Typically, 
one measures changes in the protein binding or enzy- 
matic activity of the reporter polypeptide. In one embod- 
iment an antibody is raised against the activated con- 
formation and the binding of this antibody to the hybrid 
receptor is measured after the receptor has been incu- 
bated with the ligand or candidate drug. This assay is 
conducted in the same fashion as conventional immu- 
noassay methods for any protein antigen. Antibodies 
are known per se that are capable of binding phospho- 
tyrosine containing proteins (Wang, 1985, "Mol. and 
Cell. Biol." 5(12): 3640-3643; RossetaL, 1981, "Nature" 
294 : 654; and Pang etal., 1985, "Arch. Biochem. Bio- 
phys." 242(1): 176). While those antibodies are useful 
in the method herein, hybrid receptors enable the selec- 
tion of anti-phosphotyrosine antibodies that, unlike the 
prior art antibodies, are specific for the reporter polypep- 
tide and will not cross-react with other receptors or phos- 
phorylated proteins, yet which are just as versatile in 
measuring the effect of a ligand on a receptor binding 
domain. The disadvantage of this method is that it re- 
quires a phase separation to remove the unbound la- 
belled antibody from the reporter-bound antibody. How- 
ever, the method does not require covalent modification 
of the hybrid receptor. 

Analogous to assays using the binding of a specific 
antibody to the reporter polypeptide are methods that 
directly or indirectly measure the binding to the reporter 
of a non-immune binding protein with which it normally 
interacts. Typical binding proteins are the G proteins that 
associate with certain ligand -activated receptors. The 
reporter polypeptide in this case is the cytoplasmic do- 
main of a receptor such as the beta-adrenergic receptor. 
The binding of the G protein is assayed in the same fash- 
ion as antibody binding, e.g. by displacement of labelled 
G protein, or by determination of GTP or ATP binding to 
the activated G protein. 

If the reporter polypeptide is the enzymatically ac- 
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tive cytoplasmic domain of a heterologous receptor, 
then the preferred detection method will be an assay for 
that activity. At the present time such activity includes 
protein phosphorylkinase activity, primarily tyrosine ki- 
nase activity but in some cases serine or threonine ki- 
nase activity. Kinase activity is measurable in any way 
in which kinase activity has been assayed heretofore. 
One conventional, and presently preferred, method for 
kinase activity is to assay the incorporation of radio- 
phosphorus into the»reporter polypeptide through auto- 
phosphorylation with 32 P. It is preferred to form hybrids 
of receptors having the same class of activity. 

However, it is within the scope herein to measure 
changes in the reporter polypeptide by methods other 
than enzymological activity or polypeptide interactions. 
One such method contemplates binding an organic moi- 
ety to the receptor that undergoes a change in character 
upon ligand binding. For example, the reporter polypep- 
tide is labelled with a stable free radical, a chemilumi- 
nescent group or a fluorescent molecule such as fluo- 
rescein isothiocyanate. Each of these labels are well 
known in the diagnostic immunochemistry art and con- 
ventional methods are well known for covalently linking 
them to proteins. These methods are useful for labelling 
the reporter polypeptide in the same fashion as other 
proteins. Changes in the conformation of the receptor 
polypeptide upon the binding of ligand or active candi- 
date drug to the ligand binding domain are detected by 
changes in the label. For example, the rotational mo- 
ment of a stable free radical label will be increased or 
decreased by ligand-activated changes in reporter 
polypeptide conformation. Similarly, the fluorescence or 
luminescence of reporter polypeptide labels will change 
upon the binding of ligand or active candidate to the re- 
ceptor because of the reorientation of polypeptide spe- 
cies that engage in intramolecular energy transfers. This 
is detected by changes in the intensity, polarization or 
wave length of the label molecule; typically, one detects 
the enhancement or quenching of the label fluorescence 
or chemiluminescence. The advantage of the labelled 
reporter method is that the ligand or candidate drug as- 
say is conducted exclusively in aqueous solution and no 
phase separation is required. This permits the automa- 
tion of the screening method using continuous flow in- 
struments such as Autoanalyzers. Such methods are 
useful with native as well as the hybrid receptors. 

In order to simplify the Examples certain frequently 
occurring methods will be referenced by shorthand 
phrases. 

"Plasm ids 0 are designated by a low case p preced- 
ed and/or followed by capital letters and/or numbers. 
The starting plasmids herein are commercially availa- 
ble, are publicly available on an unrestricted basis, or 
can be constructed from such available plasmids in ac- 
cord with published procedures. In addition, other equiv- 
alent plasmids are known in the art and will be apparent 
to the ordinary artisan. 

" Digestion" or "cleavage" of DNA refers to catalytic 



cleavage of the DNA with an enzyme that acts only at 
certain locations in the DNA. Such enzymes are called 
restriction enzymes, and the sites for which each is spe- 
cific is called a restriction site. The various restriction 

5 enzymes used herein are commercially available and 
their reaction conditions, cofactors and other require- 
ments as established by the enzyme suppliers were 
used. Restriction enzymes commonly are designated by 
abbreviations composed of a capital letter followed by 

10 other letters representing the microorganism from which 
each restriction enzyme originally was obtained and 
then a number designating the particular enzyme. Ap- 
propriate buffers and substrate amounts for particular 
restriction enzymes are specified by the manufacturer. 

*5 Incubation times of about 1 to several hours at 37°C are 
ordinarily used, but may vary in accordance with the 
supplier's instructions. After incubation, protein is re- 
moved by extraction with phenol and chloroform, and 
the digested nucleic acid is recovered from the aqueous 

20 fraction by precipitation with ethanol. Digestion with a 
restriction enzyme infrequently is followed with bacterial 
alkaline phosphatase hydrolysis of the terminal 5' phos- 
phates to prevent the two restriction cleaved ends of a 
DNA fragment from "circularizing" or forming a closed 

25 loop that would impede insertion of another DNA frag- 
ment at the restriction site. Unless otherwise stated, di- 
gestion of plasmids is not followed by 5' terminal de- 
phosphorylation. Procedures and reagents for dephos- 
phorylation are conventional (T Maniatis et al., 1982, 

30 Molecular Cloning pp. 1 33-1 34). 

"Filling" or "blunting" refers to the procedure by 
which the single stranded end in the cohesive terminus 
of a restriction enzyme-cleaved nucleic acid is convert- 
ed to a double strand. This eliminates the cohesive ter- 

35 minus and forms a blunt end. This process is a versatile 
tool for converting a restriction cut end that may be co- 
hesive with the ends created by only one or a few other 
restriction enzymes into a terminus compatible with any 
blunt-cutting restriction endonuclease or other filled co- 

40 hesive terminus. Typically, blunting is accomplished by 
incubating 2-l5|ig of the target DNA in 10mH Mg Cl 2 , 
1 mM dithiothreitol, 50mM Nad, 10mM Tris (pH 7.5) buff- 
er at about 37° C in the presence of 8 units of the Klenow 
fragment of DNA polymerase I and 250jiM of each of 

45 the four deoxynucleoside triphosphates. The incubation 
generally is terminated after 30 min. by phenol and chlo- 
roform extraction and ethanol precipitation. 

■Recovery" or "isolation" of a given fragment of DNA 
from a restriction digest means separation of the digest 

so oh polyacrylamide or agarose gel by electrophoresis, 
identification of the fragment of interest by comparison 
of its mobility versus that of marker DNA fragments of 
known molecular weight, removal of the gel section con- 
taining the desired fragment, and separation of the DNA 

ss from the gel. This procedure is known generally. For ex- 
ample, see R. Lawn et al., 1981, "Nucleic Acids Res." 
9:6103-6114, and D. Goeddel etal., 1980, "Nucleic Ac- 
ids Res.: 8:4057. 
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"Transformation" means introducing DNA into an 
organism so that the DNA is replicabie, either as an ex- 
trachromosomal element or chromosomal integrant. 
Unless otherwise provided, the method used herein for 
transformation of jE. colj is the CaCI 2 method of Handel 
et al., 1970, "J. Mol. Biol." 53: 154. 

"Ligation" refers to the process of forming phos- 
phodiester bonds between two double stranded nucleic 
acid fragments (T. Maniatis et al., Id., p. 146). Unless 
otherwise provided, ligation may be accomplished using, 
known buffers and conditions with 10 units of T4 DNA 
ligase fligase") per 1 u.g of the DNA fragments to be 
ligated. 

"Preparation " of DNA from transformants means 
isolating plasmid DNA from microbial culture. Unless 
otherwise provided, the alkaline/SDS method of Mania- 
tis et al., Id., P. 90, may be used. 

"Oligonucleotides" are short length single or double 
stranded polydeoxynucleotides which are chemically 
synthesized by known methods and then purified on 
polyacrylamide gels. 

The following examples are intended to merely il- 
lustrate the best mode now known for practicing the in- 
vention, but the invention is not to be considered limited 
thereto. 

All literature citations herein are expressly incorpo- 
rated by reference. 

Example 1 

Construction of the Insulin Receptor (IR) Expression 
Plasmid 

A gel purified Sajl fragment ("5.2 kb)from A.HIR-P12 
containing the entire HiR coding sequence was sub- 
cloned into the pUC12 (New England Biolabs)polylinker 
region by digesting pUC12 with Sail and ligating the pu- 
rified Sajl fragment to the vector. Colonies were grown 
up and screened for clones having the desired orienta- 
tion with the 5' end of the HIR coding sequence next to 
the pUC12 Xba l site. This vector was cut with Xba l and 
Dra l (Dra l is located in the 3' untranslated region of HIR) 
and the HIR-containtng fragment was isolated. This 
fragment was inserted into a mammalian expression 
vector (pCVSVEHBVE400, European Publn. No. 
117,060), which had been digested first with Bam HI. 
The Bam HI cohesive terminii were filled and the plasmid 
then was digested with Xbal. Thus, insertion of the Xba l - 
Dra l was only possible in the orientation necessary for 
expression of the HIR mRNA. The resulting insulin re- 
ceptor expression plasmid was designated pCVSV- 
HIRc. 



Example 2 

Construction of a Vector for Expression of an Insulin- 
EGF Receptor Hybrid 

5 

The following fragments were I i gated in a four-factor 
ligation: (a) A 931 bp Bam HI-Aatll restriction fragment 
from the IR expression plasmid pCVSVE-HIRc, (b) a 
1150 bp Apa l-Sstl restriction fragment of the human 
10 EGF receptor sequence contained in the recombinant 
phage XHER-A64 (Ullrich et al., 1984, "Nature" 309: 
418-425), (c) a synthetic oligonucleotide linker contain- 
ing 5'-CCCGTCAAATATCGCCACTGGGATGGT- 
GGGGGCC-3' and S'-CCCACCATCCCAGTGGC GA- 
is TATTTGACGGGACGT-3', and (d) pUC12 opened with 
Sst l and Bam HI. 

In this way sequences coding for the extracellular 
domain of the insulin receptor were joined to sequences 
coding for the transmembrane and cytoplasmic do- 
20 mains of the EGF receptor and placed into an expres- 
sion plasmid. Plasmid pUC12/HIR-HER Int. which con- 
tained DNA encoding the hybrid was recovered from an 
ampicillin resistant colony of transformant E. colj 294 
This plasmid was digested with Bam HI and Apa l and a 
2S 965bp fragment containing the IER junction was recov- 
ered (fragment 1). pCVSV-HIRc was digested with Pvu l 
and Bam HI and a 31 1 7 bp fragment containing the rest 
of the IR coding sequence and parts of the mammalian 
expression vector was recovered (fragment 2). XHER- 
30 A64 is digested with Apal-Bglll and an 810 bp fragment 
recovered (fragment 3) and with Bglll -Xmn l and a 1 kb 
fragment recovered (fragment 4). Fragments 3 and 4 
code for the transmembrane and cytoplasmic domains 
of the human EGF receptor. pCVSVEHBVE400 is di- 
ss gested with Bam HI, the restriction site was endfilled and 
the DNA subsequently digested with Pvul. A 4 kb Bam- 
HI -Pvu l fragment was recovered (fragment 5) coding for 
parts of the mammalian expression vector as described. 
A mixture of fragments 1 , 2, 3, 4 and 5 was ligated and 
40 used to transform E. colj 294 DNA. Ampicillin resistant 
colonies were screened by restriction analysis. A 241 
bp Pstl fragment overlapping the HIR-HER junction was 
cloned into M1 3Ty131 and sequenced to verify the ex- 
pected junction. 
45 An expression vector for a hybrid receptor not con- 
taining a transmembrane region is constructed in the 
same fashion as described above using pCVSV-HIRc 
except that the transmembrane region downstream 
from the APa l EGF receptor is deleted by M13 muta- 
50 genesis and an in-frame Apa l adaptor ligated to the de- 
leted ER fragment. 

A vector encoding the hybrid receptor locER, a hy- 
brid of the insulin receptor a chain with the EGF receptor 
transmembrane and cytoplasmic domains without any 
55 HIR B-chain sequence, was made by oligonucleotide- 
directed deletion mutagenesis of the IER plasmid. A 2.1 
kb Bglll restriction fragment coding for joined insulin and 
EGF receptor sequences was introduced into the Bam- 



25 



30 



35 



40 



45 



50 



9 



17 



EP 0 244 221 B1 



18 



HI site of an M13mplO vector. Molecules with the de- 
sired orientation of the IR sequences next to the Hindi 1 1 
site of M13mplO were identified and a single-stranded 
template was prepared for deletion mutagenesis with 
the oligonucleotide S'-CCCCAGGCCATC- 
TATCGCCACTGGGA-3' based on the protocols of 
Adelman et_aL "DNA" 2: 183-193 (1983). 50 ngof phos- 
phorylated primer was hybridized to 2 u.g of single- 
stranded M13 template. The mutagenized second 
strand was completed and double-stranded molecules 
were introduced into E. coli JM101 . Resulting plaques 
were screened as described by Benton and Davis "Sci- 
ence" 196: 180-182 (1977) at high stringency using the 
primer as a hybridization probe. Double-stranded DNA 
was prepared and a 1.2 kb BstEII restriction fragment 
containing the mutated region was used to replace the 
respective DNA fragment in the IER expression plas- 
mid, yielding plaER. 

Example 3 

Expression of the Hybrid Insulin and EGF Receptors 

COS-7 monkey kidney cells (Gluzman, 1981, "cell" 
23: 175-182) were cultured in DMEM mixed with F12 
medium (50:50), containing 10 percent fetal bovine se- 
rum and antibiotics. All cell culture media (Gibco) con- 
tained 2mM L-glutamine and 20mM HEPES pH 7.4. 

plER or plaER from Example 2 was introduced into 
COS-7 cells by calcium phosphate coprecipitation 
based on the protocol of Graham and Van der Eb, 1 973, 
"Virology' 1 52; 456-467. Subconfluent cells were trans- 
fected with 1 0 jig of plasmid DNA per 8 cm culture dish. 
Plasmid DNA was dissolved in 0.55 ml of 1mM Tris pH 
7.5, 0,1 mH EDTA, 250mM CaCI 2 , after which 0.5 ml of 
50mM HEPES pH 7.12, 280mM NaCI and 1.5mM 
Na 2 HP0 4 was slowly added. A precipitate gradually 
formed within 45 min. which was added to the cell cul- 
ture medium. The transfected COS-7 cells were cul- 
tured for 53 hrs. at 37°C in DMEM mixed with F-12 me- 
dium (50:50) containing antibiotics, 2mM L-glutamine, 
20 mM HEPES and 10% by volume fetal bovine serum 
(pH 7.4). 

COS-7 cells transformed with plER or plaER were 
washed two times with PBS and incubated in 1 ml of 
serum-free cell culture medium per 2.2 cm well contain- 
ing 0.2% bovine serum albumin (Sigma), bacitracin (0.5 
mg/ml, Sigma) and 125 1 insulin (0.5 fiCi/well) at 93 
u,Ci/u.g for 2 h at 21°C. Cells were washed 3 times with 
PBS at 4°C and lysed in 0.5 ml 0.1 percent SDS, 0.1 M 
NaOH for 30 min. at 37° C. The radioactivity was deter- 
mined in a gamma counter. Fig. 2a demonstrates that 
insulin binding to the transformants increased over that 
of controls. 

Human epidermoid carcinoma cells A431 (a source 
of EGF receptor controls) were cultured in DMEM con- 
taining 4.5 mg glucose per liter, 10 percent fetal bovine 
serum and antibiotics. 



Example 4 

Hormone Stimulated Autophosphorylation of Normal 
and Hybrid Receptors 

5 

plER or plaER transformed and mock transformed 
Cos-7 cell monolayers grown in 8 cm culture dishes for 
53 hours, or A431 cells, were washed twice with PBS 
and solubilized as described by Kris et al., 1985, "Cell" 

10 40: 61 9-625. One ml of 50mM HEPES buffer pH 7.5 con- 
taining 150mM NaCI, 1 .5mM HgCI 2 , 1mM EGTA, 10 per- 
cent glycerol, 1 percent Triton X-100, 1 percent Apro- 
tinin (Sigma) and 4u.g/ml phenylmethylsulfonyl fluoride 
(PMSF) (Sigma) and 0.5 mg/ml bacitracin (Sigma) was 

is added to the monolayers at 4°C for 5 min. The buffer 
which contained the solubilized cellular proteins was re- 
moved from the culture dish and centrifuged at 10,000g 
for 5 min at 4°C. Culture supernatants from transmem- 
brane-deleted hybrid receptor transformed cells are 

20 centrifuged at 10,000 g for 5 min. at 4°C. 0.2 ml of the 
cell lysis or culture supernatant was incubated with 
200nM insulin (Sigma) or 1 u,M EGF for 1 hour. 

A mouse monoclonal antibody capable of binding 
the insulin receptor (CII25.3, described by Ganguly et 

25 al., 1985, "Current Topics in Cellular Regulation" 27: 
83-94) was insolubilized by adsorption to protein A- 
Sepharose. However, it will be appreciated that any pol- 
yclonal or monoclonal anti-insulin receptor antibody can 
be used. 1 u.l of antibody was mixed with 50 uJ of a swol- 

30 len and prewashed 1:1 protein A-Sepharose slurry in 
detergent-free lysis buffer for 30 min in order to adsorb 
the anti-IR antibody. 

50 U.I of insolubilized anti-IR antibody slurry was 
added to the EGF or insulin treated cell tysate or cell 

35 culture supernatant and incubated for 15 min. at 4°C. 
The resulting immunoprecipitate was washed 4 times 
with 0.9 ml HNTG buffer (20mM HEPES pH 7.5, 1 50mM 
NaCI, 10 percent glycerol, and 0.1 percent Triton X- 
100). The precipitate in a volume of 30 |il was-adjusted 

40 to 5mM MnCI 2 , and l5u.Ci of y- 32 P-ATP (5,000 Ci/mmol) 
was added for 0.5-10 min. at 4°C. The final ATP con- 
centration was 0.1 pM ATP (for EGF, IER or laER trans- 
formants and their controls) or 100 jiM ATP (for HIR 
transformants and their controls). The autophosphoryla- 

45 tion reaction was stopped by adding 20 uJ of 3 times 
concentrated SDS sample buffer. The autophosphoryla- 
tion reaction was terminated after 5 min. in Fig. 3a and 
3d, 1 min. in Fig. 3b and after the times indicated in Fig. 
3c by boiling for 5 min. The samples were centrifuged 

50 were and 20 uJ aliquots analyzed on 5 percent/7 percent 
SDSpolyacrylamide gels (laemmli, 1970, "Nature" 277: 
680-685) 

The patterns obtained on SDS-PAGE reducing gels 
matched the ^S-Met labeling result for those polypep- 
55 tides that contain tyrosine kinase sequences. Figure 3b 
(HIR+) shows the insulin-stimulated autophosphoryla- 
tion of the human insulin receptor p subunit above the 
endogenous COS-7 control. In this case the insulin in- 
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duction effect is strong, although the visualized signal is 
weak due to the ATP concentration (100 uJvl) required 
by the insulin receptor kinase. In contrast, only picomo- 
lar concentrations are needed to measure EGF receptor 
kinase activity and EGF stimulation, as shown in the 
A431 cell EGF receptor control (A431 ). The character- 
istics of the chimeric receptor molecule IER reflects the 
presence of the EGF receptor kinase because of the low 
ATP concentrations required. Since ligand induction in- 
creases the Vmax of the kinase, maximal induction (*4 
fold) is observed in a 30 second reaction at 4°C (Figure 
3c). This finding is in good correlation with -the kinetic 
properties of the wild type EGF receptor (Staros et a]. , 
1985, in Molecular Aspects of Cellular Regulation Vol. 
4: Molecular Mechanisms of Transmembrane Signal- 
ing ) and indicates that the EGF receptor kinase retains 
its original characteristics when controlled by the insulin 
binding domain. 

Surprisingly, the insulin-stimulated and unstimulat- 
ed 130 kd phosphoprotein subunits of the IE receptor 
hybrid display a subtle but reproducible size difference 
(Figure 3d). This observation raises the possibility that 
ligand-induced enzymatic activity leads to phosphoryla- 
tion of tyrosine residues not modified at basal levels; a 
subsequent conformational change of the cytoplasmic 
receptor domain could alter migration characteristics in 
SDS gels. A similar change may occur in the intact EGF 
receptor but has not been detected due to the larger size 
of the monomeric 170 kd glycoprotein. Electrophoretic 
migration changes have been reported for other auto- 
phosphoryiated proteins such as Ca 2 + / Calmodu ' '^de- 
pendent protein kinase (Kuret et aj., 1985, "J. Biol. 
Chem." 260:6427-6433), type II cAMP-dependent pro- 
tein kinase (Hemmings et al., 1981, "Eur. J. Biochem." 
119:443-451). 

Since uncleaved chimeric proreceptor IER displays 
insulin-stimulated autophosphorylation (Fig. 3b and 3c, 
IER + gel, top band), the tertiary structure necessary for 
insulin binding and signal transduction must be formed 
prior to insulin receptor proteolytic processing, consist- 
ent with previous reports (Blackshear et al., 1983, 
"FEBS" 158:243-246; Rees- Jones et al., 1983, "Bio- 
chem. Biophys. Res. Comm. 116:417-422). Our exper- 
iments with the chimeric construct laER, in which the 
extracellular portion of the insulin receptor p subunit and 
the proreceptor cleavage site are deleted, (Fig. 3b, IccER 
compare + and -) indicate that despite the apparent abil- 
ity of the resulting 180 kd single-chain glycoprotein to 
bind insulin, insulin activation of the cytoplasmic kinase 
domain is lost. 

As shown above, insulin regulates the rate of the 
EGF receptor autophosphorylation activity at subpico- 
molar concentrations of ATP, conditions under which the 
phosphotransferase of the insulin receptor is inactive. 
Hormone control was only observed for the hybrid IER 
containing the complete extracellular portion of the in- 
sulin receptor, including the signal for receptor process- 
ing into the a and p subunits and the amino terminus of 



the p subunit. The receptor appears to be processed in 
our expression system. In the case of the chimera IcxER 
lacking any portions of the p subunit and consequently 
the cleavage signal, no hormone effect was observed. 
5 We conclude that this structural difference between I ER 
and laER has a profound effect on the structure of the 
chimeric receptor that is crucial for signal transduction. 

Example 5 

10 

Construction of a Vector Encoding a Receptor- 
Oncogene Hybrid (HER-erbB) 

We constructed a hybrid receptor comprised of the 

is intracellular domain of the v-erbB oncogene product 
fused to the extracellular and transmembrane domains 
of the EGF receptor (HER -erbB : Fig. 4). 

The hybrid receptor is expressed from a plasmid un- 
der the control of the early promoter of SV40. This plas- 

20 mid also contains a mutant DHFR gene for methotrexate 
(HTX) resistance. Selection is accomplished by cotrans- 
formation with a plasmid encoding a neomycin resist- 
ance gene and the DNA amplified by selection in MTX- 
containing culture media. 

25 XHER-A64 (Ullrich et al.) was digested with Sad 
and Karl and a restriction fragment coding for the com- 
plete extracellular and transmembrane domain of the 
EGF receptor was recovered. A 1.7 kb Aha ll-Stul re- 
striction fragment coding for the complete intracellular 

30 portion of AEV-erbB (H) (Yamamoto, T et al., 1983 
"Cell" 35:71 -78) was ligated together with the EGF frag- 
ment into a pUC1 2 plasmid opened with Sac I and Sma l. 
The recombinant plasmid was amplified in E. coli HB1 01 
and the coding region for the complete chimeric receptor 

35 is removed in a 3.7 kb Sac l -Xmn l restriction fragment, 
both sites being located in the untranslated regions of 
the EGF receptor and v-erbB sequence, respectively. 

p342E (Crowley et al., 1983, "MoL Cell Biol." 3: 
44-55) was digested with Eco RI and the opened plasmid 

40 recovered. An adaptor having the sequence 

EcoRI Sac I Eco RI 
GAATTCGAGCTC 

CTCGAGCTTAAG 

45 

is ligated with the opened plasmid, the ligation mixture 
transfected into E. coli 294, and plasmid pCVSVE-HBS 
having the adaptor insert is recovered from an ampicillin 
resistant colony. 

50 pCVSVE-HBS is partially digested with SacI and 
the linearized vector fragment (I) recovered. The linear- 
ized plasmid is digested with Hpa l and the vector frag- 
ment recovered. 

The pCVSVE-HBS vector fragment is ligated to the 

55 Sac l -Xmn l fragment encoding the hybrid receptor and 
expression vector pCVSV-HER-erbB was recovered 
from a transformed E. coli HB101 colony. 
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Example 6 

Expression of Receptor-Oncogene Hybrid 

Expression vector pCVSVE-HER-erbB is cotrans- 
fected into normal Rat 1 fibroblasts together with a ne- 
omycin resistable expression plasmid by calcium phos- 
phate coprecipitation based on the protocol of Graham 
and van der Eb (1973). Subconfluent cells were trans- 
fected with 1 0 fig of plasmid DNA per 8 cm culture dish. 
DNA was dissolved in 0.55 ml of 1 mH Tris pH 7.5, 0,1 mH 
EDTA, 250mM CaCI 2 and 0.5 ml of 50mM HEPES pH 
7. 1 2, 280mM NaCI, 1 .5mM Na 2 HP0 4 was slowly added. 
A precipitate gradually formed within 40 min. which was 
added to the 1 0 ml of celt culture medium. 5h after trans- 
fection, cells were subjected to a glycerol shock treat- 
ment by incubation in 3 ml of 20 percent glycerol in PBS 
for 1 min. The glycerol was washed off and the cells 
were further cultured in the original medium. 

The neomycin resistance gene under the control of 
the SV40 early promoter was used as a selectable mark- 
er. Medium supplemented with 400 |ig/ml Geneticin 
(Sigma G501 3) was used for selection starting two days 
after transfection. Neomycin-resistant cells were then 
grown in medium supplemented with a 200 nM, then 
1000 nM concentration of methotrexate (Sigma A6770) 
containing 7 percent dialyzed fetal bovine serum. The 
result was a step-wise amplification of c DNA expression 
in neomycin resistant cell lines. 

Expression of the hybrid in the transformants was 
first monitored by analyzing proteins metabolically la- 
beled with 35 S-methionine after immunoprecipitation of 
detergent lysates with a human EGF receptor-specific 
mouse monoclonal antibody R1 . Stably expressing cell 
lines were metabolically labelled with 35 S-methionine. 
Specific proteins were immunoprecipitated by protein A- 
Sepharose adsorbed R1 antibody from detergent 
lysates prepared as described above and analyzed on 
SDS reducing polyacrylamide gels. The mouse mono- 
clonal R1 antibody (Waterfield et aL, 1982, "J.Cell.Bio- 
chem." 20:149-161) does not recognize the endog- 
enous Rati cell EGF receptor. The HER -erbB protein 
was readily detected in immunoprecipitates before and 
after methotrexate amplification. As expected, the HER- 
erbB protein was smaller than the wild type EGF recep- 
tor expressed in A431 cells. When compared with the 
very high level of EGF receptor expressed in A431 cells, 
amplified Rati cells expressed only 3-fold less HER- 
erbB. 

The hybrid HER -erbB protein displayed specific 
EGF binding since 125 I-EGF at various concentrations 
was bound to transformant cells. The binding was sat- 
urable and could be completely displaced in the pres- 
ence of a 100-fold excess of unlabelled EGF. The 
amount of binding of 125 l-labeled EGF to confluent Rati 
cultures corresponded precisely to the amount of EGF 
receptor or chimeric receptor expressed by the respec- 
tive cell cultures. Thus the constructed proteins con- 



tained fully functional EGF binding domains and were 
faithfully transported to the cell surface. 

Example 7 

5 

EGF-stimulated in vitro autophosphorylation 

To test whether HER -erbB possessed ]n vitro auto- 
phosphorylation activity, cell lysates were immunopre- 
10 cipitated as described above, incubated with 32 P-y-ATP 
and analyzed by polyacrylamide gel electrophoresis 
and autoradiography: Transformant cell monolayers 
grown in 8 cm culture dishes were washed twice with 
PBS and solubilized as described by Kris et al. "Cell" 
'5 40:619-625 (1985). One ml of 50 mM HEPES pH 7.5, 
150mM NaCI, 1.5mM MgCI 2 , 1mH EGTA, 10 percent 
glycerol, 1 percent Triton X-100, 1 percent Aprotinin and 
4|ig/ml phenylmethylsulfonyl fluoride (PMSF) was add- 
ed to the monolayers at 4°C for 5 min. Solubilized cells 
were centrifuged at 10,000g for 5 min at 4°C, and the 
supernatant was either stored at -70°C or processed fur- 
ther. 

EGF stimulation of autophosphorylation was in- 
duced by incubating the detergent cell lysates diluted to 
a 0.5 percent TX-1 00 concentration in 0.4 ml prior to the 
immunoprecipitation, with 5 fig/ml EGF for 15 min at 
4°C. R1 antibody prebound for 30 min to protein A- 
Sepharose was added (1 u.l antibody/50 uJ slurry 1:1), 
and the incubation continued for 1 5 min at 4°C. The im- 
munoprecipitates were washed 5 times in 0.9 ml HNTG 
buffer (20mM HEPES pH 7.5, 150mM NaCI, 10 percent 
glycerol, and 0.1 percent Triton X-100). The washed im- 
munoprecipitates, in a volume of 30 uJ, were adjusted 
to 5mH MnCI 2 and l5u.Ci of ^ 32 P-ATP was added for 0.5 
min at 4°C. The autophosphorylation reaction was 
stopped by adding 20 fxl of 3 times concentrated SDS 
sample buffer. Samples were boiled for 5 min, centri- 
fuged, and 20 uJ aliquots analyzed on 5 percent/7 per- 
cent SDS polyacrylamide reducing gels (Laemmli, 
1 970). Gels were fixed and dried under vacuum at 70°C. 
Normal Rati fibroblasts were used as a control. Size 
markers are indicated in kilodaltons. Like the wild type 
EGF receptor, the HER -erbB hybrid incorporated signif- 
icant amounts of 32 P in immunoprecipitates. The extent 
of phosphorylation was increased by the addition of 
EGF (designated by +); when measured at 30 seconds, 
the rate of phosphorylation was found to be 3 fold higher 
in the presence of EGF. The v-erbB protein itself pos- 
sesses only very low autophosphorylation activity (Lax 
etaj., 1985, "EMBO Journal" 4:3179-3182). Despite the 
low autophosphorylation activity claimed in the hybrid, 
reconstitution of the EGF binding domain led to ligand- 
inducible autophosphorylation activity. 
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Claims 



Claims for the following C ntracting States : BE, 
CH, DE, FR, GB, IT, LI, LU, NL, SE, GR 

1 . A hybrid receptor for a ligand, which receptor is lo- 
catable on cell membranes and which comprises (a) 
a ligand binding domain comprising an extracelluar 
domain of a predetermined receptor wherein the 
predetermined receptor is not an immunoglobulin 
and (b) a reporter polypeptide which is heterolo- 
gous to the receptor from which is obtained the lig- 
and binding domain and which is capable of under- 
going an assayable change in conformation or func- 
tion when the ligand binding domain of the receptor 
binds to either a ligand or an agonist or antagonist 
of the ligand, wherein the hybrid receptor has a 
transmembrane domain interposed between the lig- 
and binding domain and the heterologous reporter 
polypeptide. 

2. The hybrid receptor of claim 1 wherein the reporter 
polypeptide is a cytoplasmic domain of a receptor 
or oncogene. 

3. The hybrid receptor of claim 1 wherein the reporter 
polypeptide is an enzyme. 

4. The hybrid receptor of claim 3 wherein the enzyme 
is not sterically inhibited by the binding of a ligand 
to the hybrid receptor. 

5. The hybrid receptor of claim 3 wherein the enzyme 
is a phosphorylkinase. 

6. Nucleic acid encoding a hybrid receptor according 
to claim 1 . 

7. The nucleic acid of claim 6 further comprising a rep- 
licable vector 

8. The vector of claim 7 further comprising a host cell. 

9. A method for making a hybrid receptor according to 
claim 1 , said method comprising: 

(a) transforming a host cell with a vector con- 
taining nucleic acid encoding the hybrid recep- 
tor operably linked to a promoter for controlling 
the transcription of the hybrid receptor; and 

(b) culturing the host cell under conditions for 
expressing the hybrid receptor. 

10. The method of claim 9 wherein the hybrid receptor 
is recovered from the culture medium of the host 
cell. 



11. The method of claim 9 wherein the hybrid receptor 
is recovered from the cell membrane of the host cell. 

12. A method for assaying a biologically active ligand 
s or an antagonist or agonist for said ligand, compris- 
ing: 

(a) providing a hybrid receptor according to 
claim 1; 

10 (b) incubating the receptor with a test sample 

suspected to contain the ligand, antagonist or 
agonist; 

(c) detecting a change in the reporter polypep- 
tide; and 

is (d) correlating said change with the presence 

of the ligand, antagonist or agonist in the test 
sample. 

13. The method of claim 12 wherein the ligand is a 
20 polypeptide and the ligand binding domain is not the 

antigen binding site of an immunoglobulin. 

14. The method of claim 12 wherein the change in the 
reporter polypeptide is a modification of the enzy- 

25 matic activity of the polypeptide. 

15. The method of claim 12 wherein the change in the 
reporter polypeptide is autophosphorylation of the 
reporter polypeptide. 

30 

16. The method of claim 12 wherein the test sample is 
suspected to contain an antagonist and the receptor 
is incubated with the test sample and a predeter- 
mined activity of ligand or ligand agonist. 

35 

17. The method of claim 12 wherein the change in the 
reporter polypeptide is a change in an immune 
epitope. 

40 18. The method of claim 17 wherein the change in im- 
mune epitope is detected by incubating the receptor 
with an antibody capable of binding to the reporter 
polypeptide and determining the amount of bound 
or residual unbound polypeptide. 

45 

19. The method of claim 12 wherein the reporter 
polypeptide further comprises a stable free radical, 
fluorescent or chemiluminescent group and the 
change in the reporter polypeptide is detected by 
50 measuring a change in the rotational moment of the 
stable free radical or a change in the intensity, 
wavelength or polarization of the fluorescent or 
chemiluminescent group. 

55 20. The method of claim 12 wherein the reporter 
polypeptide is capable of binding to a G protein. 
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Claims for the following Contracting States : AT, ES 

1 . A process which comprises the preparation of a hy- 
brid receptor for a ligand, which receptor is locata- 
ble on cell membranes and which comprises(a) a 
ligand binding domain comprising an extracelluar 
domain of a predetermined receptor wherein the 
predetermined receptor is not an immunoglobulin 
and (b) a reporter polypeptide which is heterolo- 
gous to the receptor from which is obtained the lig- 
and binding domain and which is capable of under- 
going an assayable change in conformation or func- 
tion when the ligand binding domain of the receptor 
binds to either a ligand or an agonist or antagonist 
of the ligand, wherein the hybrid receptor has a 
transmembrane domain interposed between the lig- 
and binding domain and the heterologous reporter 
polypeptide. 

2. The process of claim 1 wherein the reporter 
polypeptide is a cytoplasmic domain of a receptor 
or oncogene. 

3. The process of claim 1 wherein the reporter 
polypeptide is an enzyme. 

4. The process of claim 3 wherein the enzyme is not 
sterically inhibited by the binding of a ligand to the 
hybrid receptor. 

5. The process of claim 3 wherein the enzyme is a 
phosphory I kinase. 

6. A process which comprises the preparation of nu- 
cleic acid encoding a hybrid receptor as defined in 
claims 1. 

7. The process of claim 6 wherein the nucleic acid fur- 
ther comprises a replicable vector. 

8. The process of claim 7 wherein the vector further 
comprises a host cell. 

9. A method for making a hybrid receptor according to 
claim 1 , said method comprising: 

(a) transforming a host cell with a vector con- 
taining nucleic acid encoding the hybrid recep- 
tor operably linked to a promoter for controlling 
the transcription of the hybrid receptor; and 

(b) culturing the host cell under conditions for 
expressing the hybrid receptor. 

10. The method of claim 9 wherein the hybrid receptor 
is recovered from the culture medium of the host 
cell. 

11. The method of claim 9 wherein the hybrid receptor 



is recovered from the cell membrane of the host cell. 

12. A method for assaying a biologically active ligand 
or an antagonist or agonist for said ligand, compris- 

5 ing: 

(a) providing a hybrid receptor according to 
claim 1; 

(b) incubating the receptor with a test sample 
10 suspected to contain the ligand, antagonist or 

agonist; 

(c) detecting a change in the reporter polypep- 
tide; and 

(d) correlating said change with the presence 
is of the ligand, antagonist or agonist in the test 

sample. 

13. The method of claim 12 wherein the ligand is a 
polypeptide and the ligand binding domain is not the 

20 antigen binding site of an immunoglobulin. 

14. The method of claim 12 wherein the change in the 
reporter polypeptide is a modification of the enzy- 
matic activity of the polypeptide. 

25 

15. The method of claim 12 wherein the change in the 
reporter polypeptide is autophosphorylation of the 
reporter polypeptide. 

30 16. The method of claim 12 wherein the test sample is 
suspected to contain an antagonist and the receptor 
is incubated with the test sample and a predeter- 
mined activity of ligand or ligand agonist. 

35 17. The method of claim 12 wherein the change in the 
reporter polypeptide is a change in an immune 
epitope. 

18. The method of claim 17 wherein the change in im- 
40 mune epitope is detected by incubating the receptor 
with an antibody capable of binding to the reporter 
polypeptide and determining the amount of bound 
or residual unbound polypeptide. 

45 19. The method of claim 12 wherein the reporter 
polypeptide further comprises a stable free radical, 
fluorescent or chemiluminescent group and the 
change in the reporter polypeptide is detected by 
measuring a change in the rotational moment of the 

so stable free radical or a change in the intensity, 
wavelength or polarization of the fluorescent or 
chemiluminescent group. 

20. The method of claim 12 wherein the reporter 
55 polypeptide is capable of binding to a G protein. 
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Patentanspruche 



Patentanspruche fur folgende Vertragsstaaten : BE, 
CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1 . Hybridrezeptor fur einen Liganden, welcher Rezep- 
tor auf Zellmembranen angeordnet werden kann 
und folgendes umfaGt: (a) eine Liganden-Bin- 
dungsdomane mit einer extra ze II ularen Domane ei- 
nes vorbestimmten Rezeptors, worin der vorbe- 
stimmte Rezeptor kein Immunglobulin ist, und (b) 
ein Reporterpolypeptid, das zum Rezeptor hetero- 
log ist t aus dem die Liganden-Bindungsdomane er- 
halten wird, und das eine nachweisbare Anderung 
der Konformation Oder Funktion erfahren kann, 
wenn sich die Liganden-Bindungsdomane des Re- 
zeptors entweder an einen Liganden oder einen 
Agonisten Oder Antagonisten des Liganden bindet, 
worin der Hybridrezeptor eine Transmemb ran -Do- 
mane aufweist, die zwischen der Liganden-Bin- 
dungsdomane und dem heterologen Reporterpoly- 
peptid angeordnet ist. 

2. Hybridrezeptor nach Anspruch 1 , worin das Repor- 
terpolypeptid eine Zytoplasma-Domane eines Re- 
zeptors oder Onkogens ist. 

3. Hybridrezeptor nach Anspruch 1 , worin das Repor- 
terpolypeptid ein Enzym ist. 

4. Hybridrezeptor nach Anspruch 3, worin das Enzym 
durch die Bindung eines Liganden an den Hybrid- 
rezeptor nicht sterisch gehindert wird. 

5. Hybridrezeptor nach Anspruch 3, worin das Enzym 
eine Phosphorylkinase ist. 

6. Nukleinsaure, die fur einen Hybridrezeptor nach 
Anspruch 1 kodiert. 

7. Nukleinsaure nach Anspruch 6, weiters umfassend 
einen replizierbaren Vektor. 

8. Vektor nach Anspruch 7, weiters umfassend eine 
Wirtszelle. 

9. Verfahren zur Herstellung eines Hybridrezeptors 
nach Anspruch 1 , wobei das Verfahren folgendes 
umfaBt: 

(a) das Transform ieren einer Wirtszelle mit ei- 
nem Vektor, der eine Nukleinsaure enthalt, die 
fur den Hybridrezeptor kodiert, der mit einem 
Promotor zur Steuerung der Transkrtption des 
Hybridrezeptors operabel verbunden ist; und 

(b) das Kulttvieren der Wirtszelle unter Bedin- 
gungen zum Exprimieren des Hybridrezeptors. 



10. Verfahren nach Anspruch 9, worin der Hybridrezep- 
tor aus dem Kulturmedium der Wirtszelle gewonnen 
wird. 

s 11. Verfahren nach Anspruch 9, worin der Hybridrezep- 
tor aus der Zellmembran der Wirtszelle gewonnen 
wird. 

12. Verfahren zum Assay auf einen biologisch aktiven 
10 Liganden oder einen Antagonisten oder Agonisten 
fur den Liganden, umfassend: 

(a) das Bereitstellen eines Hybridrezeptors 
nach Anspruch 1 ; 
15 (b) das Inkubieren des Rezeptors mit einer Ver- 

suchsprobe, von der man annimmt, daB sie den 
Liganden, Antagonisten oder Agonisten ent- 
halt; 

(c) das Nachweisen einer Anderung in einem 
20 Reporterpolypeptid; und 

(d) das Korrelieren der Anderung mit der Ge- 
genwart des Liganden, Antagonisten oder Ago- 
nisten in der Versuchsprobe. 

25 13. Verfahren nach Anspruch 12, worin der Ligand ein 
Polypeptid ist und die Liganden-Bindungsdomane 
nicht die Antigen-Bindungsstelle eines Immunglo- 
bulins ist. 

30 14. Verfahren nach Anspruch 12, worin die Anderung 
im Reporterpolypeptid eine Modifikation der enzy- 
matischen Aktivitat des Polypeptids ist. 

15. Verfahren nach Anspruch 12, worin die Anderung 
35 im Reporterpolypeptid Autophosphorylierung des 

Reporterpolypeptids ist. 

16. Verfahren nach Anspruch 12, worin man annimmt, 
daf) die Versuchsprobe einen Antagonisten enthalt, 

40 und worin der Rezeptor mit der Versuchsprobe und 
einer vorbestimmten Aktivitat des Liganden oder Li- 
ganden-Agonisten inkubiert wird. 

17. Verfahren nach Anspruch 12, worin die Anderung 
45 jm Reporterpolypeptid eine Anderung in einem Im- 

munepitop ist. 

18. Verfahren nach Anspruch 17, worin die Anderung 
im Immunepitop durch Inkubieren des Rezeptors 

50 mit einem Antikorper, der sich an das Reporterpo- 
lypeptid binden kann, und Bestimmen der Menge 
an gebundenem oder ungebunden verbliebenem 
Polypeptid nachgewiesen wird. 

55 19. Verfahren nach Anspruch 12, worin das Reporter- 
polypeptid weiters ein stabiles freies Radikal, eine 
fluoreszierende oder chemilumineszierende Grup- 
pe umfaBt und die Anderung im Reporterpolypeptid 
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durch Messen einer Anderung des Drehungsmo- 
ments des stabilen freien Radikals oder einer An- 
derung der Intensitat, Wellenlange Oder Polarisie- 
rung der fluoreszierenden oder chemilumineszie- 
renden Gruppe bestimmt wird. 

20. Verfahren nach Anspruch 1 2, worin sich das Repor- 
terpolypeptid an ein G-Protein binden kann. 

PatentansprOche fur folgende Vertragsstaaten : AT, 
ES 

1. Verfahren, das die Herstellung eines Hybridrezep- 
tors fur einen Liganden umfaBt, welcher Rezeptor 
auf Zellmembranen angeordnet werden kann und 
folgendes umfaBt: (a) eine Liganden-Bindungsdo- 
mane mit einer extrazellularen Domane eines vor- 
bestimmten Rezeptors, worin der vorbestimmte Re- 
zeptor kein Immunglobulin ist, und (b) ein Reporter- 
polypeptid, das zum Rezeptor heterolog ist, aus 
dem die Liganden-Bindungsdomane erhalten wird, 
und das eine nachweisbare Anderung der Konfor- 
mation oder Funktion erfahren kann, wenn sich die 
Liganden-Bindungsdomane des Rezeptors entwe- 
der an einen Liganden oder einen Agonisten oder 
Antagonisten des Liganden bindet, worin der Hy- 
bridrezeptor eine Transmembran-Domane auf- 
weist, die zwischen der Liganden-Bindungsdoma- 
ne und dem heterologen Reporterpolypeptid ange- 
ordnet ist. 

2. Verfahren nach Anspruch t , worin das Reporterpo- 
lypeptid eine Zytoplasma- Domane eines Rezeptors 
oder Onkogens ist. 

3. Verfahren nach Anspruch 1 , worin das Reporterpo- 
lypeptid ein Enzym ist. 

4. Verfahren nach Anspruch 3, worin das Enzym durch 
die Bindung eines Liganden an den Hybridrezeptor 
nicht sterisch gehindert wird. 

5. Verfahren nach Anspruch 3, worin das Enzym eine 
Phosphorylkinase ist. 

6. Verfahren, umfassend die Herstellung einer Nukle- 
insaure, die fur einen Hybridrezeptor nach An- 
spruch 1 kodiert. 

7. Verfahren nach Anspruch 6, worin die Nukleinsaure 
weiters einen replizierbaren Vektor umfaBt. 

8. Verfahren nach Anspruch 7, worin der Vektor wei- 
ters eine Wirtszelle umfaBt. 

9. Verfahren zur Herstellung eines Hybridrezeptors 
nach Anspruch 1, wobei das Verfahren folgendes 



umfaBt: 

(a) das Transform ieren einer Wirtszelle mit ei- 
nem Vektor, der eine Nukleinsaure enthalt, die 

s fur den Hybridrezeptor kodiert, der mit einem 

Promotor zur Steuerung der Transkription des 
Hybridrezeptors operabel verbunden ist; und 

(b) das Kultivieren der Wirtszelle unter Bedin- 
gungen zum Exprimieren des Hybridrezeptors. 

10 

10. Verfahren nach Anspruch 9, worin der Hybridrezep- 
tor aus dem Kulturmedium der Wirtszelle gewonnen 
wird. 

is 11. Verfahren nach Anspruch 9, worin der Hybridrezep- 
tor aus der Zellmembran der Wirtszelle gewonnen 
wird. 

12. Verfahren zum Assay auf einen biologisch aktiven 
20 Liganden oder einen Antagonisten oder Agonisten 
fur den Liganden, umfassend: 

(a) das Bereitstellen eines Hybridrezeptors 
nach Anspruch 1 ; 
25 (b) das Inkubieren des Rezeptors mit einer Ver- 

suchsprobe, von der man annimt, daB sie den 
Liganden, Antagonisten oder Agonisten ent- 
halt; 

(c) das Nachweisen einer Anderung in einem 
30 Reporterpolypeptid; und 

(d) das Korrelieren der Anderung mit der Ge- 
genwart des Liganden, Antagonisten oder Ago- 
nisten in der Versuchsprobe. 

55 13. Verfahren nach Anspruch 12, worin der Ligand ein 
Polypeptid ist und die Liganden-Bindungsdomane 
nicht die Antigen-Bindungsstelle eines Immunglo- 
bulins ist. 

40 14. Verfahren nach Anspruch 12, worin die Anderung 
im Reporterpolypeptid eine Modifikation der enzy- 
matischen Aktivitat des Polypeptids ist. 

15. Verfahren nach Anspruch 12, worin die Anderung 
45 im Reporterpolypeptid Autophosphorylierung des 

Reporterpolypeptids ist. 

16. Verfahren nach Anspruch 12, worin man annimmt, 
daB die Versuchsprobe einen Antagonisten enthalt, 

50 und worin der Rezeptor mit der Versuchsprobe und 
einer vorbestimmten Aktivitat des Liganden oder Li- 
ganden- Agonisten inkubiert wird. 

17. Verfahren nach Anspruch 12, worin die Anderung 
55 im Reporterpolypeptid eine Anderung in einem Im- 

munepitop ist. 

18. Verfahren nach Anspruch 17, worin die Anderung 
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im Immunepitop durch Inkubieren des Rezeptors 
mit einem Antikdrper, der sich an das Reporterpo- 
lypeptid binden kann, und Bestimmen der Menge 
an gebundenem Oder ungebunden verbliebenem 
Polypeptid nachgewiesen wird. 

19. Verfahren nach Anspruch 12, worin das Reporter- 
polypeptid weiters ein stabiles freies Radikal, eine 
fluoreszierende Oder chemilumineszierende Grup- 
pe umfaBt und die Anderung im Reporterpolypeptid 
durch Messen einer Anderung des Drehungsmo- 
ments des stabilen treien Radikals oder einer An- 
derung der Intensitat, Wellenlange Oder Polarisie- 
rung der fluoreszierenden oder chemilumineszie- 
renden Gruppe bestimmt wird. 

20. Verfahren nach Anspruch 12, worin sich das Repor- 
terpolypeptid an ein G-Protein binden kann. 



Revendications 



Revendications pour les Etats contractants 
suivants : BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1 . Recepteur hybride a un ligand, lequel recepteur se 
trouve a I'origine au niveau de la membrane cellu- 
laire et comprend (a) un domaine de liaison a un 
ligand comprenant un domaine extracellulaire d'un 
recepteur predetermine dans lequel le recepteur 
predetermine n'est pas une immunoglobuline et (b) 
un polypeptide marqueur qui est heterologue au re- 
cepteur dont derive le domaine de liaison au ligand 
et qui est capable de subir un changement de fonc- 
tion ou de conformation quantifiable lorsque le do- 
maine de liaison au ligand du recepteur se lie soit 
a un ligand soit a un agoniste ou antagoniste au li- 
gand, dans lequel le recepteur hybride possede un 
domaine transmembranaire intercale entre le do- 
maine de liaison au ligand et le polypeptide mar- 
queur heterologue. 

2. Recepteur hybride selon la revendication 1 , dans 
lequel le polypeptide marqueur est le domaine cy- 
toplasmique d'un recepteur ou d'un oncogene. 

3. Recepteur hybride selon la revendication 1 , dans 
lequel le polypeptide marqueur est une enzyme. 

4. Recepteur hybride selon la revendication 3, dans 
lequel I'enzyme n'est pas inhibee par encombre- 
ment sterique lors de la fixation d'un ligand au re- 
cepteur hybride. 

5. R6cepteur hybride selon la revendication 3, dans 
lequel I'enzyme est une phosphorylkinase. 



6. Acide nucl6ique codant pour un r6cepteur hybride 
selon la revendication 1 . 

7. Acide nucleique selon la revendication 6, inclus en 
s outre dans un vecteur apte a se r6pliquer. 

8. Vecteur selon la revendication 7, inclus en outre 
dans une cellule hdte. 

10 9. Precede pour obtenir un r6cepteur hybride selon la 
revendication 1 , ledit proc6d6 comprenant : 

(a) la transformation d'une cellule note avec un 
vecteur contenant un acide nucleique codant 

15 pour le recepteur hybride lie de maniere fonc- 

tionnelle a un promoteur regulant la transcrip- 
tion du recepteur hybride; et 

(b) la mise en culture de la cellule note dans 
des conditions favorables a ('expression du re- 

20 cepteur hybride. 

10. Precede selon la revendication 9, dans lequel le re- 
cepteur hybride est isole du milieu de culture de la 
cellule hdte. 

25 

11. Precede selon la revendication 9, dans lequel le re- 
cepteur hybride est isole a partir de la membrane 
cellulaire de la cellule hdte. 

30 12. Precede pour doser un ligand doue d'activite biolo- 
gique ou un antagoniste ou un agoniste audit li- 
gand, comprenant : 

(a) I'obtention d'un recepteur hybride selon la 
35 revendication 1; 

(b) ('incubation du recepteur avec un echan- 
tillon d'essai sou peon ne contenir le ligand, I'an- 
tagoniste ou I'agoniste; 

(c) la detection d'un changement au niveau du 
40 polypeptide marqueur; et 

(d) la correlation dudit changement avec la pre- 
sence du ligand, de Pantagoniste ou de I'ago- 
niste dans l'6chantillon d'essai. 

45 13. Precede selon la revendication 12, dans lequel le 
ligand est un polypeptide et le domaine de liaison 
au ligand n'est pas le site de fixation a I'antigene 
d'une immunoglobuline. 

50 14. Precede selon la revendication 12, dans lequel le 
changement affectant le polypeptide marqueur con- 
siste en une modification de I'activite enzymatique 
du polypeptide. 

55 15. Precede selon la revendication 12, dans lequel le 
changement affectant le polypeptide marqueur con- 
siste en une autophosphorylatton du polypeptide 
marqueur. 
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16. Proc6de selon la revendication 12, dans lequel 
I'echantillon d'essai est soupconne contenir un an- 
tagoniste et le recepteur est mis a incuber avec 
Techantillon d'essai en presence d'une dose active 
predeterminee de ligand ou d'agoniste au ligand. 

17. Precede selon la revendication 12, dans lequel le 
changementaffectant le polypeptide marqueur con- 
siste en un changement d'epitope immun. 

18. Precede selon la revendication 17, dans lequel le 
changement affectant I'epitope immun est detecte 
par mise en incubation du recepteur avec un anti- 
corps capable de se lier au polypeptide marqueur 
et la determination de la quantite de polypeptide lie 
ou libre residuel. 

19. Precede selon la revendication 12, dans lequel le 
polypeptide marqueur comprend en outre un radi- 
cal stable libre, un groupe fluorescent ou chimiolu- 
minescent et le changement affectant le polypepti- 
de marqueur est detects en mesurant un change- 
ment de moment rotatoire du radical stable libre ou 
une variation d'intensite, de longueur d'onde 
d'emission caracteristique ou de polarisation du 
groupe fluorescent ou chimioluminescent. 

20. Precede selon la revendication 12, dans lequel le 
polypeptide marqueur est capable de se lier a la 
proteine G. 



Revendications pour les Etats contractants 
suivants : AT, ES 

1. Precede qui comprend la preparation d'un recep- 
teur hybride a un ligand, lequel recepteur se trouve 
a I'origine au niveau de la membrane cellulaire et 
comprend (a) un domaine de liaison a un ligand 
comprenant un domaine extracellulaire d'un recep- 
teur predetermine dans lequel le recepteur prede- 
termine n'est pas une immunoglobuline et (b) un po- 
lypeptide marqueur qui est necrologue au recep- 
teur dont derive le domaine de liaison au ligand et 
qui est capable de subir un changement de fonction 
ou de conformation quantifiable lorsque le domaine 
de liaison au ligand du recepteur se lie soit a un li- 
gand soit a un agoniste ou antagoniste au ligand, 
dans lequel le recepteu r hybride possede un domai- 
ne transmembranaire intercale entre le domaine de 
liaison au ligand et le polypeptide marqueur hete- 
rologue. 

2. Proc6de selon la revendication 1 , dans lequel le po- 
lypeptide marqueur est le domaine cytoplasmique 
d'un recepteur ou d'un oncogene. 

3. Proc6d6 selon la revendication 1 , dans lequel le po- 



lypeptide marqueur est une enzyme. 

4. Proc6de selon la revendication 3, dans lequel I'en- 
zyme n'est pas inhibee par encombrement sterique 

s lors de la fixation d'un ligand au recepteur hybride. 

5. Procede selon la revendication 3, dans lequel I'en- 
zyme est une phosphorylkinase. 

10 6. Proc6de qui comprend la preparation d'un acide nu- 
cieique codant pour un recepteur hybride tel que 
defini dans la revendication 1 . 

7. Procede selon la revendication 6, dans lequel I'aci- 
15 de nucieique est inclus en outre dans un vecteur 

apte a se repliquer. 

8. Proc6d6 selon la revendication 7, dans lequel le 
vecteur est inclus en outre dans une cellule note. 

20 

9. Proc6d6 pour obtenir un recepteur hybride selon la 
revendication 1, ledit procede comprenant : 

(a) la transformation d'une cellule note avec un 
25 vecteur contenant un acide nucieique codant 

pour le recepteur hybride lie de maniere fonc- 
tionnelle a un promoteur regulant la transcrip- 
tion du recepteur hybride; et 

(b) la mise en culture de la cellule hole dans 
30 des conditions favorables a I' expression du re- 
cepteur hybride. 

10. Procede selon la revendication 9, dans lequel le re- 
cepteur hybride est isoie du milieu de culture de la 

35 cellule note. 

11. Procede selon la revendication 9, dans lequel le re- 
cepteur hybride est isole a partir de la membrane 
cellulaire de la cellule hote. 

40 

12. Proc6de pour doser un ligand doue d'activite biolo- 
gique ou un antagoniste ou un agoniste audit li- 
gand, comprenant : 

45 (a) I'obtention d'un recepteur hybride selon la 

revendication 1 ; 

(b) I'incubation du recepteur avec un echan- 
tillon d'essai soupconne contenir le ligand, I'an- 
tagoniste ou I'agoniste; 
so ( C ) la detection d'un changement au niveau du 

polypeptide marqueur; et 
(d) la correlation dudit changement avec la pre- 
sence du ligand, de ['antagoniste ou de I'ago- 
niste dans I'echantillon d'essai. 

55 

13. Precede selon la revendication 12, dans lequel le 
ligand est un polypeptide et le domaine de liaison 
au ligand n'est pas le site de fixation a I'antigene 
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d'une immunoglobuline. 

14. Proc6de selon la revendication 12, dans lequel le 
changement affectant le polypeptide marqueur con- 
siste en une modification de I'activite enzymatique s 
du polypeptide. 

15. Proc6de* selon la revendication 12, dans lequel le 
changement affectant le polypeptide marqueur con- 
siste en une autophosphorylation du polypeptide 10 
marqueur. 

16. Procede selon la revendication 12, dans lequel 
P§chantillon d'essai est soupconn§ contenir un an- 
tagoniste et le recepteur est mis a incuber avec '5 
I'echantillon d'essai en presence d'une dose active 
pr6d6termin6e de ligand ou d'agoniste au ligand. 

17. Procede selon la revendication 12, dans lequel le 
changement affectant le polypeptide marqueur con- 20 
siste en un changement d'Spitope immun. 

18. Procede" selon la revendication 17, dans lequel le 
changement affectant ('epitope immun est detecte 
par mise en incubation du r6cepteur avec un anti- 25 
corps capable de se lier au polypeptide marqueur 

et la determination de la quantite de polypeptide lie 
ou libre residuel. 

19. Proc6d6 selon la revendication 12, dans lequel le 30 
polypeptide marqueur comprend en outre un radi- 
cal stable libre, un groupe fluorescent ou chimiolu- 
minescent et le changement affectant le polypepti- 
de marqueur est d6tecte* en mesurant un change- 
ment de moment rotatoire du radical stable libre ou 35 
une variation d'intensite, de longueur d'onde 
d'emission caracteristique ou de polarisation du 
groupe fluorescent ou chimioluminescent. 

20. Proc6de selon la revendication 12, dans lequel le *o 
polypeptide marqueur est capable de se lier a la 
protelne G. 
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GTP-BINDING 
PROTEIN YPT51; 
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